Summary. The distribution of fibronectin and 140 Kd fibronectin-receptor was examined in the truncus arteriosus of the chick embryonic heart during aorticopulmonary (AP) septation by immunohistochemistry.
Summary. The distribution of fibronectin and 140 Kd fibronectin-receptor was examined in the truncus arteriosus of the chick embryonic heart during aorticopulmonary (AP) septation by immunohistochemistry.
In 4-day-old chick embryos, immunoreactivity of both anti-fibronectin and anti-140 Kd fibronectin-receptor was seen in the primordia of the AP septum. In 5-dayold embryos, cells stained with anti-140 Kd fibronectinreceptor antibody were rarely found in the AP septum, though strong immunoreactivity of the anti-fibronectin antibody was observed in the AP septum. In 6-day-old embryos, at a late stage of septation, cells stained with anti-140 Kd fibronectin-receptor antibody were not found in the AP septum, and immunoreactivity of the antifibronectin antibody had decreased. In the cushion tissue, immunoreactivity of the anti-fibronectin antibody was seen, but that of the anti-140 Kd fibronectin-receptor antibody was recognizable only on a few cushion cells in the 4-day-old embryos.
These findings suggest that fibronectin is involved in the formation of the AP septum primordia, that fibronectin does not promote the development of the AP septum, and that the migration mechanism of cushion cells is different from that of neural crest cells.
During the division of the truncus arteriosus into the aorta and pulmonary trunk in chick embryos, the aortico-pulmonary (AP) septum is rich in fibronectin (ICARDO, 1985) . Fibronectin is an extracellular glycoprotein which mediates cell-substrate attachment (see review by HYNES, 1981; YAMADA, 1981 YAMADA, , 1983 HAKOMORI et al., 1984) , and involves migration of cells such as neural crest cells (DUBAND and THIERY, 1982; DUBAND et al., 1986) . On the other hand, cranial neural crest cells migrate into the AP septum prior to septation of the truncus arteriosus in avian embryos (KIRBY et al., 1983 , KIRBY 1987 . Hence, it is suggested that fibronectin may play an important role for the formation of the AP septum.
In the mid 1980s, a 140 Kd protein, an anticipated fibronectin-receptor, was identified HASEGAWA et al., 1985; HORWITZ et al., 1985; PYTELA et al.,1985) . This 140 Kd protein appears on the migrating neural crest cells in chick embryos, suggesting that neural crest cells interact with fibronectin during migration. Similar to neural crest cells, the endothelial cells of the atrioventricular canal and conus migrate into the endocardial cushions and conal ridge, and differentiate into cushion mesenchymal cells in the early stage of heart development (MARKWALD et al., 1975 (MARKWALD et al., , 1977 FITZHARRIS and MARKWALD, 1982) . The 140 Kd fibronectin-receptor, however, does not appear on the migrating cushion cells (DUBAND et al., 1986) , though fibronectin is distributed in the cushion tissue at this period (ICARDO and MANASEK, 1984) . The cushion cells may have a different migration mechanism with or without cell-fibronectin interaction.
The present study examined the distribution of the 140 Kd fibronectin-receptor in order to elucidate whether the condensed cells within the AP septum interact with fibronectin, and whether fibronectin within the AP septum implicates AP septum formation in chick embryos, by immunohistochemistry. 
MATERIALS AND METHODS
Fertilized chicken eggs were obtained from a local farm. The eggs were incubated at 38C in 90% relative humidity. The embryos from Days 4 to 6 of incubation were fixed with 4% paraformaldehyde in phosphate buffered saline (PBS) for 6 h at room temperature. After staging according to HAMBURGER and HAMILTON (1951) , the specimens were dehydrated through a graded series of ethanol, cleared in xylene, and then embedded in paraffin.
Antibody preparation Human plasma fibronectin was purified with a geletinsepharose 4B affinity column as described by HAYASHI and YAMADA (1982) and used as an antigen. A rabbit was injected intramuscularly with 2 mg purified human plasma fibronectin emulsified in 2ml physiological saline and 2 ml complete Freund's adjuvant (ICN ImmunoBiologicals, USA), followed 4 weeks later by an injection with the same amount of fibronectin emulsified in 2ml physiological saline and 2 ml incomplete Freund's adjuvant (ICN Immuno Biologicals, USA). After the 10 days following the final injection, the titer of the antiserum was checked by Ouchterlony immunodiffusion reaction, and the blood was collected. The globulin fraction was salted out, and the IgG fraction was purified through a DEAEcellulose column.
Anti-fibronectin-receptor antibody raised in rabbit against the 140 Kd antigen which was purified from chick plasma with JG22E immunoaffinity column was purchased from Transformation Research Inc., USA.
Immunoblotting As the antibody was raised against human plasma fibronectin, the specificity of the antibody to chick fibronectin was checked by immunoblotting (Fig. 1) .
Six-day-old chick embryos were homogenized in 6M urea, 10mM EDTA, 10mM Tris-HCI and 0.2mM PMSF, pH 7.4. Proteins were extracted for 2h at 4C and then centrifuged at 8000 rpm for 20min. The supernatant was used as total proteins of the chick embryo.
For purification of chick fibronectin, chick embryos of the same age were homogenized in 50 mM Tris-HCI, 0.15M NaCI and 0.2mM PMSF, pH 7.4, at 4C. After 4h, the homogenate was centrifuged at 8000 rpm for 10min. Chick fibronectin was purified from the supernatant by the same method for human plasma fibronectin.
Immunoblotting was performed by a method described in a previous report (SUMIDA, 1988) . Briefly, SDS-PAGE electrophoresis, using 7.5% gels, was carried out under non-reduced condition. The proteins were transferred onto nitrocellulose sheets. For immunoreactions, nitrocellulose sheets were incubated for 1h at room temperature with anti-fibronectin antibody diluted 200 times. After rinsing with PBS containing 0.05% Tween 20, the nitrocellulose sheets were incubated with peroxidase labeled anti-rabbit IgG F(ab')2 (Tago, USA) under the same condition as in the case of the primary antibody and were then developed with 0.03% diaminobenzidin-0.006% H202 for 10 min at room temperature.
This procedure revealed the anti-fibronectin antibody binding to chick fibronectin (Fig. 1 lane D) . Nonspecific binding to the proteins from 6-day-old chick embryos was not recognized (Fig. 1 lane C) . Immunohistochemistry Immunohistochemical procedures were performed at room temperature.
Deparaffinized 8 um thick sections were preincubated in 0.3% H2O2 for 10min. The sections were incubated with anti-fibronectin antibody diluted 150 times or anti-140 Kd fibronectinreceptor antibody diluted 20 times for 1h. For the control, rabbit non-immune IgG was applied in place of the antibodies. After rinsing with PBS, the sections were incubated with biotinylated anti-rabbit IgG; followed by incubation with peroxidase labeled avidin (StrAviGen; BioGenex Lab., USA). The sections were then developed with 0.03% diaminobenzidin-0.006% H202 for 10min at room temperature.
RESULTS

Four-day-old chick embryos (Stage 22-24)
In the truncus arteriosus, strong staining with the anti-fibronectin antibody was seen in the primordia of the AP septum, cardiac muscle and presumptive tunica media (Fig. 2a) . The endothelial cells of the arterial lumen were stained intensely. Less staining was observed on the cushion mesenchymal cells (Fig. 2a) . Anti-140 Kd fibronectin-receptor antibody also stained the primordia of the AP septum and cardiac muscle (Fig. 2b) . Some parts of the endothelial sheet and a very few of the cushion mesenchymal cells were positively stained with the anti-140 Kd fibronectin-receptor antibody (Fig. 2b) .
Five-day-old embryos (Stage 25-27)
Anti-fibronectin antibody intensely stained the AP septum, developing tunica media and some parts of the endothelial sheet. The cardiac muscle and the cushion tissue were also stained with the antibody (Fig. 3a) .
Cells stained with anti-140 Kd fibronectin-receptor antibody, however, were localized only in a limited part of the AP septum. Immunoreactivity was decreasing (Fig. 3b) . A part of the endothelial sheet was positive, but cushion mesenchymal cells were negative for the anti-140 Kd fibronectin-receptor antibody staining (Fig. 3b) .
Six-day-old chick embryos In the truncus arteriosus, the anti-fibronectin antibody intensely stained the intima of the artery and some parts of the endothelial sheet of the cushion (Fig. 4a) . Immunoreactivity of the antibody in the AP septum and in the tunica media had decreased compared with that in the 5-day-old embryos.
Immunoreactivity of the anti-140 Kd fibronectinreceptor antibody was not recognizable in the truncus arteriosus of 6-day-old chick embryos (Fig. 4b) . 
DISCUSSION
Fibronectin, an extracellular glycoprotein, has been shown to mediate cell attachment and locomotion in vitro, and has been thought to be involved in morphogenesis (HYNES, 1981; YAMADA, 1981 YAMADA, ,1983 HAKO-MORI et al., 1984) . In our results, fibronectin was densely distributed in the primordia of the AP septum of 4-day-old and in the AP septum of 5-day-old chick embryos. In 6-day-old embryos, however, fibronectin within the AP septum decreased. ICARDO (1985) suggested that fibronectin in the truncus arteriosus mediated formation of the AP septum. Our study showed that fibronectin-receptor was distributed in the primordium of the AP septum but that most of the receptor had disappeared from the AP septum of the 5-day-old embryo. These observations suggest that fibronectin promotes the formation of the primordia of the AP septum, that is, fibronectin mediates the migration of neural crest cells into the truncus arteriosus; however, fibronectin may not play a role in septation of the truncus arteriosus.
During septation of the truncus arteriosus, F-actin bundles are organized in a consistent direction in the cells within the AP septum . Although fibronectin has been thought to be involved in actin bundle organization in the cells (HYNES, 1981; YAMADA, 1981 YAMADA, , 1983 , our results indicate that F-actin bundles in the cells within the AP septum may not be regulated by fibronectin, because most cells do not have 140 Kd fibronectin-receptor.
Moreover, the cells within the AP septum produce another muscle type protein, desmin, during septation (SUMIDA et al., 1987) . Such an F-actin organization and appearance of desmin in the cells within the AP septum suggest that these cells have the mechanical strength for septation of the truncus arteriosus against the direction of the blood flow (SUMIDA et al., 1987) .
The cells within the AP septum derive from the cranial neural crest (KIRBY et al., 1983; KIRBY, 1987) . The migrating neural crest cells express the fibronectinreceptor (DUBAND et al., 1986) ; it has been suggested that migration of neural crest cells is mediated by fibronectin, distributed throughout the pathway. Similar to neural crest cells, the endothelial cells of the atrioventricular canal and conus migrate into the endocardial cushions and conal ridges, and differentiate into cushion mesenchymal cells in the early phase heart development (MARKWALD et al., 1975 (MARKWALD et al., , 1977 FITZHARRIS and MARKWALD, 1982) . By an immunofluorescence study on the chick embryo (ICARDO and MANASEK, 1984) , it was suggested that fibronectin is implicated in the migration of the cushion cells. In contrast, DUBAND et al. (1986) reported that no 140 Kd fibronectin-receptor is recognizable on migrating cells in the cushion tissue. Their observation was confirmed in the present study. On this basis, it is suggested that the mechanism of migration of cushion cells is different from that of neural crest cells. FUNDERBURG and MARKWALD'S hypothesis (1986) that heparan sulfate proteoglycan mediates interaction between migrating cushion cells and fibronectin is very plausible. But it can also be expected that migrating cushion cells express other receptors for fibronectin, because two distinct cell attachment domains of fibronectin have been recently Fig. 4 . Immunostaining of the anti-fibronectin antibody (a) and anti-140 Kd fibronectin-receptor antibody (b) on a 6-day-old embryo. In the AP septum (arrowheads in a), immunoreactivity of the anti-fibronectin antibody was decreased compared with that in the 5-day-old embryo. The endothelial sheet of the great artery was stained with anti-fibronectin antibody (arrows in a). The cell stained with anti-140 Kd fibronectin-receptor antibody was not found in the truncus arteriosus (b). A aorta, P pulmonary artery, CT cushion tissue, TM tunica media. x85
reported (MCCARTHY et al., 1986 , WOODS et al., 1986 . Elucidation of the mechanisms of cushion cell migration will be necessary.
